The damaging effect of ionizing radiation has been known about for a very long time, however there has been some dispute about the effect of low doses of radiation typical of diagnostic x-ray and nuclear medicine imaging. Although all international bodies responsible for advice on radiation safety have recommended the assumption that the risk of cancer is linear down to zero dose, there are many who have argued that there is a threshold or even that very low doses are good for you. The National Academy of Science has released the BEIR VII Phase 2 (2006) [1] report which having evaluated 700 references on all aspects of the effects or ionizing radiation, including hormesis, has concluded that ''current scientific evidence is consistent with the hypothesis that there is a linear dose-response relationship between exposure to ionizing radiation and the development of radiation-induced solid cancers in humans''. The report also concludes that ''it is unlikely that a threshold exists for the induction of cancers''.
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More recently two papers have been published that directly link the induction of cancer in children with the use of CT scans. In the first of these [2] the authors conclude that compared with children receiving organ doses of \5 mGy, the relative risk of leukaemia after a mean organ dose of 51 mGy was increased by a factor of 3.2 (95 % CI 1.5-7) and the relative risk for brain cancer after a mean organ dose of 60 mGy was increased by a factor of 2.8 (95 % CI 1.3-6). The authors conclude that for every 10,000 head CT scans in children there is one extra case of leukaemia and one extra case of brain tumour. The second paper recently published by an Australian group [3] who looked at 680,000 CT scans on children, has shown a very strong correlation between performing a scan and the subsequent induction of cancer. This latter paper estimates that a single CT scan in children (60 % of which were head scans) increases the risk of cancer by *16 %. Of course, it needs to be kept in mind that this still represents an extremely small risk, since the natural incidence is so low. However, a risk certainly appears to exist and it is important that we limit this to the lowest value possible.
Apart from the two recent papers, most of the evidence for the induction of cancer at low doses comes from the analysis of the 'atomic bomb' data. This data is very persuasive at high doses but is substantially less accurate and therefore less convincing at the type of doses delivered in diagnostic radiology and nuclear medicine. Nevertheless, there is evidence [4, 5] that doses of the order of 10s of mSv do increase the risk of cancer, although the certainty of this data is less than the 95 % confidence normally demanded when quoting scientific results. However when dealing with patient safety it behoves the medical profession to be conservative. If the need for a conservative approach associated with the risk of ionizing radiation conflicted with the need for appropriate diagnosis of patient illness, one would have to make a choice between the two. However the risk of radiation induced cancer from a diagnostic test is extremely low and has a latent period of approximately 10 years. This means that in almost every situation, IF A PATIENT WILL BENEFIT FROM A DIAGNOSTIC TEST THAT USES IONIZING RADIA-TION, THEN THEY SHOULD HAVE THE TEST, because the benefit will almost certainly outweigh the risk. Consequently we should be addressing our attention to the reduction in the unnecessary use of ionizing radiation. That is, the use of imaging tests that are not required either because imaging will not provide useful information and will not change diagnosis or treatment or because a different test using less or no ionizing radiation is preferred. It has been estimated in several papers [6] [7] [8] that more than 30 % of imaging tests are inappropriate and should not have been requested. Thus there is considerable scope for dose reduction and therefore improvement in patient care.
Physicists and engineers working in radiology should be actively promoting the appropriate use of ionizing radiation and doing what we can to discourage its inappropriate use. The use of ionizing radiation tests that are not required for the patient not only irradiates patients unnecessarily, but adds cost to the health system and delays diagnosis, since if the wrong test is requested then the correct test is not being done. In addition, since all tests have false positives, the application of an inappropriate test will lead to a significant number of patients being further investigated for no purpose, with consequent risk, cost and disruption. Hence it is in everyone's interest to reduce unnecessary tests as much as possible. The main target for this is the GP because they are subject to a number of pressures that lead to unnecessary patient irradiation. In the first place there is pressure from patients themselves who will sometimes come to their doctor demanding a particular test. In addition, the imaging procedures available are continually changing and which test is the most appropriate in any particular circumstance is even difficult for radiologists and nuclear medicine physicians to keep up with. Finally GPs are under significant threat of litigation if a patient develops a condition that would have been detected earlier by a diagnostic test that had not been requested by the GP.
To assist in reducing inappropriate imaging a website has been developed by a team at Royal Perth Hospital [9] that informs doctors of the appropriate diagnostic imaging test when the patient symptoms are known. This site utilises the World Wide Web and is freely available at 'www.imagingpathways.health.wa.gov.au'. It includes common clinical scenarios and has a flow chart structure which focuses on the symptoms rather than the pathology. Its layered format means that summary information is provided that can be investigated in more detail if the user requires. The difficulty is to ensure that GPs and specialists requesting X-ray and nuclear medicine tests are familiar with this web site and make use of it when required. To help achieve the aim of reducing unnecessary imaging, a number of steps have been taken in Western Australia. All medical graduates from the University of Western Australia are now required to pass a module in radiation safety which includes information about the risk of ionizing radiation and incorporates questions that require the use of the diagnostic imaging pathways web site. This module and its associated quiz are freely available on the Diagnostic Imaging Pathways web site. Agreement has also been reached with the Dean of the Medical School at Notre Dame University that he will introduce a similar requirement for their medical students. In addition, the Western Australian Health Department's Medical Directors Forum has determined that all new clinical appointments to Health Department Hospitals will be required to pass this radiation module. This will mean that within a few years a significant number of doctors in Western Australia will have had exposure to the imaging pathways web site and will have some understanding of the potential risks of ionizing radiation. Recently ARPANSA has shown interest in expanding the use of the radiation module throughout Australia and discussions are proceeding as to how this might be implemented.
In addition to reducing the unnecessary use of ionizing radiation, it is also important to ensure that the radiation dose used in imaging tests is as low as possible consistent with diagnostic quality images. This is something in which members of the ACPSEM (the College) should be playing an active role. It is well known that there is a significant discrepancy in the radiation dose delivered between different radiology services for apparently the same investigation. Several years ago a paper that considered CT doses in Australia [10] showed that the ratio between the highest and lowest doses for apparently the same procedure varied by up to a factor of 36. Although there are valid reasons why different services may deliver different doses, it seems likely that much of this factor of 36 represents overdosing by some radiology services. The CT industry has in recent years introduced a number of dose limiting initiatives the most recent and significant being the introduction of iterative reconstruction. In principle this can substantially reduce patient dose, however it will only do so if other factors are adjusted so that the noise level is restored to the level obtained with back projection reconstruction. Consequently image optimisation [11, 12] is a crucial step in ensuring that patient doses are as low as reasonably achievable.
ARPANSA has recently established dose reference levels (DRL) [13] for CT in Australia. By advising radiologists how their doses compare with others in Australia it is hoped that some of the services delivering higher doses will reduce their doses to make them more comparable with services that deliver a lower dose. This initiative has been actively promoted and supported by members of the College.
Thus College members can play a significant role in the reduction of patient dose. In the first place by encouraging mechanisms that ensure that all diagnostic procedures using ionizing radiation are only performed for the benefit of the patient and secondly by helping to ensure that diagnostic procedures use the minimum dose consistent with adequate diagnostic imaging quality. These are aims that all College members working in relevant fields should be actively addressing.
